Abstract. The New Zealand Neuromuscular Disease Patient Registry has been recruiting for five years. Its primary aim is to enable people with neuromuscular disease to participate in research including clinical trials. It has contributed data to large anonymised cohort studies and many feasibility studies, and has provided practical information and advice to researchers wanting to work with people with neuromuscular conditions. 1019 people have enrolled since the Registry's launch in August 2011 with over 70 different diagnoses. Of these; 8 patients have been involved in clinical trials, 134 in other disease-specific research and 757 have contributed anonymised data to cohort studies. As a result the Registry is now effectively facilitating almost all neuromuscular research currently taking place in New Zealand.
INTRODUCTION
commonly associated with neuromuscular patient support organisations; inherited ataxias, hereditary spastic parapareses, leucodystrophies and neurocutaneous disorders. Patients diagnosed clinically with or without molecular confirmation and those who test positive predictively are included. MDANZ is the primary sponsor of the Registry and actively promotes its work.
The primary aim of the Registry is to facilitate neuromuscular research by lowering the barriers faced by researchers in finding study participants, and faced by patients in finding studies to take part in [2] . The nature of rare disease research, and therefore the role of registries, evolves as effective treatments are developed. At the time of the Registry's establishment there 184
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were very few treatments for these conditions and so the first way of achieving this aim was to contribute data to international natural history studies [3] [4] [5] [6] [7] , mainly facilitated by the TREAT-NMD Neuromuscular Network of which the Registry is a member. More recently patients have been enrolled in preclinical research and even in clinical trials and we are considering the Registry taking up roles in post-marketing surveillance. This process closely follows the model of registry development proposed by Betsy Bogard (personal communication -see acknowledgements) (Fig. 1a) .
A developing aim of the Registry is to obtain molecular confirmation of diagnoses. The Registry facilitates this in two ways; either by highlighting a clinical genetic test to the patient's clinician or, for patients who remain without molecular confirmation of their diagnosis despite clinical genetic testing, by identifying appropriate research studies concerned with finding the genetic basis of their disorder.
METHODS
To achieve these aims the NZNMD Registry operates as a longitudinal opt-in registry for both children and adults living with neuromuscular disease in NZ. Led by a principal investigator, who is a consultant neurologist with the Auckland District Health Board, and managed by a genetic counsellor who is the Registry Curator, demographic, pre-specified, disease-specific clinical and genetic information is collected, curated and regularly updated. More recently patient self-reported data has been incorporated for some disorders. Data are stored with the same degree of security as clinical data within the hospital firewall. Some data for specific disorders; Duchenne muscular dystrophy (DMD), spinal muscular atrophy (SMA), myotonic dystrophy, facioscapulohumeral muscular dystrophy (FSHD), and Charcot-Marie-Tooth disease (CMT) are housed on secure platforms provided by overseas collaborators [2, 7] . The NZNMD Registry is an ongoing research project. The Registry is physically located within the neurology department at ADHB, the largest neurology centre in NZ. The Registry has an oversight committee made up of individuals living with neuromuscular disorders, clinical scientists, adult and paediatric neurologists, geneticists and representation from the sponsor, MDANZ.
The NZNMD Registry has a simple referral process. Referrals can come from any source including self-referral, doctor or patient support organisations such as MDANZ, and require, at a minimum, the NZ national health unique patient identifier (NHI). The MDANZ has tasked its fieldworkers with informing and consenting patients to the Registry. Clinicians are not involved in collecting or entering data though their assistance may be required for obtaining genetic tests or clinical records to support the patient's diagnosis.
Formal written consent is obtained from all participants before joining the Registry using a short information sheet and consent form, in keeping with the low risks associated with being on the Registry. The Registry receives ethics approval annually.
Researchers, from both within NZ and internationally, contact the Registry Curator to request access to the Registry's services. Enquiries to the Registry take different forms. They may be from industry conducting feasibility studies for clinical trials, or from clinicians or academics seeking data for service planning or for natural history studies. In these cases, the relevant population is identified from the database and anonymised data is disseminated in aggregate form to researchers. For studies where researchers are using the Registry to recruit participants, those who are likely to be eligible are identified by the curator and information about the study is disseminated through a variety of means including email, telephone, post and advertisement.
Academic research is facilitated free of charge, except for the recovery of direct costs associated with the dissemination of information, not including the time of the Registry Curator. Industry-led research is facilitated along with a request for costs to be met including a contribution towards overheads and the time of the Registry Curator.
The NZNMD Registry collects ethnicity data and, in this way, it is able to support and facilitate research involving people with neuromuscular disease from minority ethnic groups. Māori are the indigenous people of NZ and their rights to self-determination are confirmed in the Treaty of Waitangi. Māori have specific values regarding (but not limited to) collection, processing and disposal of DNA. The Registry has policies in place to act in a culturally responsive manner in these regards.
Participants' information and confidentiality is highly respected and protected. Their time is also valued and requests for participation in studies for which the participant are ineligible are avoided. Researchers contacting the registry are provided with rapid response times for information requests, which are approved through the oversight committee. 
RESULTS
The NZNMD Registry has enrolled 1019 people with neuromuscular disorders over the past five years with over 70 different diagnoses, which is estimated to represent around one quarter of all people living in NZ with a neuromuscular disorder [8] . The Registry has contributed over 300 records containing de-identified patient data to global databases for dystrophinopathies (135) [3, 4, 5] , spinal muscular atrophy (SMA) (42) [6] and Charcot-Marie-Tooth disease (CMT) (129) [7] . It also acts as a conduit for recruitment for patients to self-report and/or clinicians to report to global registries for ultra-rare neuromuscular disorders, for example, GNE myopathy (2) [9, 10] , myotubular myopathy (2) [11] , and FKRP gene disorders (3) [12] (Fig. 1b) .
The Registry has contributed data to 23 feasibility studies of which 17 were coordinated through the Diagnosis, demographics and diagnosis rates compared with our earlier publication in 2013 [13] . "not specified" means that these diagnoses were not separated out in the graphs in our previous publication.
TREAT NMD Neuromuscular Network. It has also disseminated information and assisted in recruitment for nine disease-specific studies [13] [14] [15] [16] including the landmark ocular coherence tomography study that first discovered the presence of epiretinal membranes as a feature of myotonic dystrophy [13] and has had an active role in patient recruitment for 2 clinical trials for treating DMD with a further 2 planned. It has played a vital role in large prevalence studies of genetic muscle disorders and CMT. The Registry has assisted in recruiting 28 patients with limb girdle muscular dystrophy (LGMD) [17] and 12 patients with CMT, all without molecular diagnoses, into whole exome sequencing studies that aim to find the genetic cause of their condition. Molecular diagnoses have been obtained in 19 patients with significant changes in treatment and management indicated in 6, for example the diagnosis in one case of congenital myasthenic syndrome treatable with salbutamol [18] . Vitally important genetic counselling implications for family members have been identified in several patients.
DISCUSSION
We have demonstrated that an overarching registry serving all neuromuscular diseases managed by a single project team is effective; this is in contrast to countries such as the UK, Spain and Germany where disease-specific registries are commonly deployed but similar to Canada where the Canadian Neuromuscular Disease Registry (CNDR) covers a range of disorders [19] . Population size, health-system structure, clinician interest and make-up of patient support organisations are all factors that can influence registry design in this regard.
A registry's role is dynamic and should be responsive to the changing needs of its stakeholders; patients, researchers and clinicians as illustrated in the Bogard model of registry development (Fig. 1a) . In five years the NZNMD Registry has evolved from carrying out roles important during preclinical drug development, such as Advancing disease understanding in the absence of treatment [4] [5] [6] [7] Fig. 1b) .
Only 58% of people enrolled in the Registry have a molecular diagnosis (see Table 1 ) which is a 7% improvement compared with three years ago [20] . However, as lack of molecular diagnosis limits access to treatment, genetic counselling and research, a goal of the Registry is to gain sufficient funding so that it can facilitate access to genetic testing for patients who are not able to access testing through the usual pathways. This would be similar to other registries including Duchenne Connect [21] , the Jain Foundation Dysferlin Registry [22] and the Myotubular Myopathy Registry [11] .
The Registry has changed the face of neuromuscular research in NZ. The two most important factors in achieving this are the integral involvement of the patient support organisation and the minimal dependence upon clinicians, which can only occur with dedicated staff. Prior to the NZNMD Registry a person with a neuromuscular condition living in NZ could only register in an overseas registry and were very unlikely to be offered the opportunity to participate in research of any sort. Now hundreds of New Zealanders have been involved in research and the vast majority of neuromuscular research in NZ is now facilitated by the Registry.
ACKNOWLEDGMENTS
The New Zealand Neuromuscular Disease Registry is fully funded by the research trust of MDANZ, Neuromuscular Research New Zealand. *Betsy Bogard is the Director of Global Research Development of the International Fibrodysplasia Ossificans Progressiva Association (IFOPA). She devised her Registry model while employed by Fulcrum Therapeutics. She has kindly given permission for this to be used in this paper but there is no other relationship -real or implied, between either Fulcrum Therapeutics or IFOPA and the New Zealand Neuromuscular Disease Registry.
